Atherosclerosis develops chiefly in the intima of the artery. Biochemical changes associated with atheromatosis were studied serially in human aortic intima by a gross division of the intima into normal tissue, early and advanced atheromata. Earliest alterations observed are increases in collagen concentration and in binding of hexosamine with scleroprotein. Elevation of lipids occurs only after development of the atherosclerotic lesion. There appear to be more biochemical alterations in female intima with atheromatosis and age than in male tissue. Calcium concentration does not increase with age in normal intimal tissue.
T HE approach to the study of atheromatosis has been through gross and histopathologic observations, by histochemical studies, and by determinations of biochemical constituents of aortas. However, no attempt has been made to study in a serial manner the biochemical changes produced by atheromatosis as it develops in the human aorta.
The effects of aging on an artery have been investigated in a sketchy manner. To be certain, important observations have been made on the histopathology of aging and, more recently, Lansing and co-workers' have analyzed the media of the human aorta as it is influenced by aging. However, too frequently the attrition to the artery by aging is confused with the disease process of atherosclerosis. Pathologists in general and many research workers in the field make a distinction between arteriosclerosis and atherosclerosis, but most clinicians continue to refer to any arterial change as arteriosclerosis.
Atherosclerosis occurs chiefly in the intima of the artery. In this study therefore, the intimas of human aortas were stripped from the underlying media and subjected to chemical analyses. The following report quantitates a number of biochemical events that occur in the normal intima and in the early and advanced This investigation was supported in part by the National Heart Institute, National Institutes of Health, U. S. Public Health Service, Grants H-2087 and H-1716. 366 atheromatous areas. When possible, these 3 areas were obtained from the same aorta for study and comparison.
METHODS Human aortas were obtained at neeropsy from Negro and white individuals dying without antecedent illnesses of a protracted nature. Aoitas from 37 males (age range from stillborn term-infant to 94 years) and 23 females (31 to 94 years) were used in this investigation. Upon removal, the aorta was immediately frozen and kept at -20 C. For the isolation of the intima the aorta was thaw-ed and with the aid of a dissecting glass, fine forceps, and an ophthalmic spatula, the cleavage plane between the intima and media was located. Usually this was more readily accomplished in the aortas of the males and at the level of the lower thoracic or abdominal areas. In the determination of the hexosamine concentration in the aortic intima, both the saline-soluble and the bound saline-insoluble forms were determined. The scleroprotein of the intimal tissue was incubated with testicular hyaluronidase (300 viscosity units) * for 3 days under toluene at 37.5 C. in acetate buffer pH 5.2, containing 0.15 M sodium chloride.4 Total hexosamine was determined by a modification of the method of Elson and Morgan5 on the saline-soluble fraction, the supernatant and the residue from the hyaluronidase incubation. The total hexosamine value was obtained by adding the concentrations for the 3 component fractions.
Samples of intimal tissue were extracted with hot 3:1 alcohol-ether, and total cholesterol8 and total lipid were determined on the extract. The analysis for total lipid was made gravimetrically or turbidimetrically by a modification of the turbidimetric method for serum.7 Total protein was determined on the saline-soluble and saline-insoluble fractions of * Alidase (a brand of hyaluronidase) was graciously supplied by G. D. Searle & Co.
proline, glycine, and proline, and for total protein the tissue, and analyses for the amino acids, hydroxywere made on the dried fat-free tissue by procedures previously described.3
The calcium concentration of the areas of intimal tissue was determined on the hydrochloric acid hydrolysate of the fat-free tissue after ashing and precipitation as the oxalate by modifications of the methods of Biedermann and Schwarzenbach8 and of Grette.9 Results for each area of aortic intimal tissue were pooled for each sex, regardless of race, and are expressed on the basis of protein concentration.
RESULTS
The saline-soluble, saline-insoluble, and total hexosamine concentrations in the 3 human intimal areas are given in The development of a firmness and hardness of intimal tissue, which is grossly observed in the process of atherosclerosis, is probably related to the modification of the protein to a more "sclero" type. It also may result from a partial dehydration phenomenon or it may represent polymerization or copolymerization of the connective tissue protein.
The effect of age of the individual per se upon the biochemical characteristics of intimal tissue studied is almost negligible. However, it should be pointed out that the mean age of the group of individuals studied was high, i.e., 60 years, so that the data are weighted ill the older age bracket. More changes ill intimal tissue biochemistry with age may occur than are apparent in this study.
In spite of the high mean age of both the male and female group, it is of interest to note that the constituents of female intimal tissue appear to be more subject to alteration with age than those of male tissue. The first change observed in the development of atheromatosis also occurs ill female tissue, i.e., significant increases in hydroxyproline and glyciine coI1- 4 hypertension according to the Keith, Wagner, and Barker classification and treated with the newer hypotensive agents. Fifty-six patients with grade 3 hypertension were treated from 4 to 31 months. Fifty-three of these patients had a significant drop in blood pressure and 34 showed improvement in the fundi. Forty-two patients of this group were alive at the time of the report. Twenty-two patients with grade 4 hypertension were treated. Sixteen of this group showed a significant drop in blood pressure. Thirteen of these patients survived the period of observation. The authors point out that carefully controlled dosage is necessary with these drugs, and this can be accomplished best by beginning treatment in the hospital and teaching patients to take and record their blood pressure at home.
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